ABSTRACT. Twenty-four polymorphic microsatellite loci were isolated and characterized for Liza affinis using a (GT)13-enriched genomic library. The number of alleles per locus ranged from 3 to 9, with a mean number of 6.250. The observed and expected heterozygosities ranged from 0.417 to 1.000 and from 0.550 to 0.861, with an average of 0.859 and 0.779, respectively. Deviation from Hardy-Weinberg proportions was detected at three loci. Evidence of null alleles was found at two loci. These markers will be useful in further studies investigating the genetic variation and population structure of this species, and may provide insights into the maintenance and efficient management of eastern keelback mullet resources.
INTRODUCTION
Eastern keelback mullet (Liza affinis) belongs to the family Mugilidae, and is widely distributed in Japan (except for northern Hokkaido) and along the coasts of China, from the Yellow Sea to the South China Sea (Senou et al., 1987) . With the decline of many traditional economic fish resources, L. affinis is gradually becoming a new kind of important economic fish for the global fisheries industry. In order to prevent the reduction of L. affinis populations, it is important to characterize the population structure, which may provide insights into the maintenance and efficient management of L. affinis resources. Because of their high polymorphism, reproducibility, relative abundance, and multi-allelic and co-dominant nature, microsatellite loci are considered to be powerful genetic markers and have been widely used in population structure analyses. Here, for the first time, we isolated microsatellite loci for L. affinis, which will provide a powerful tool for analyzing population structure of L. affinis. A limitation of this study was that the number of microsatellite loci developed using streptavidin-coated magnetic beads was lower than the number developed using a nextgeneration sequencing platform.
MATERIAL AND METHODS
Twenty-four individuals were collected from coastal waters near Zhanjiang, China, and preserved at -20°C until DNA extraction. Genomic DNA was extracted from muscle tissue of L. affinis using the standard phenol-chloroform method. A microsatellite-enriched genomic library was constructed following the enrichment protocols described by Ma and Chen (2009) . Genomic DNA was digested with MseI restriction enzyme (New England Biolabs, USA). The adapters (5'-TAC TCA GGA CTC AT-3'/5'-GAC GAT GAG TCC TGA G-3') were ligated to the DNA fragments. The ligated products were then pre-amplified in a 25-mL reaction system using an adapter specific primer (5'-GAT GAG TCC TGA GTA A-3') to verify the ligation and to increase the DNA concentration (Lin et al., 2015) . Subsequently, the ligation products were hybridized to the biotin-labeled probe, (GT)13. Next, fragments containing simple repeat sequences were captured by streptavidin-coated magnetic beads (Promega, USA), washed, and recovered by heating and ethanol precipitation. The enriched fragments were amplified by polymerase chain reaction (PCR) using the adapter specific primer. The final amplification products were ligated into the pMD 18-T vectors (TaKaRa, Japan) and transformed into Escherichia coli DH5a competent cells. A total of 142 positive clones were selected using blue/white screening, and were sequenced by an ABI Prism 3730 automated DNA Analyzer (Applied Biosystems, USA). Following sequence analysis, PCR primer pairs were designed to amplify 119 microsatellite loci with suitable flanking regions using the PRIMER PREMIER 5 software (Premier Biosoft International, USA).
The designed primers were analyzed using 24 L. affinis individuals from the coastal waters near Zhanjiang, China. The PCR was carried out in a 25-mL reaction mixture containing 17.25 mL ultrapure water, 2.5 mL 10X PCR buffer, 2 mL dNTPs, 1 mL each primer (5 mM), 0.25 mL Taq polymerase, and 1 mL DNA template. The PCR program consisted of an initial step for 2 min at 95°C followed by 35 cycles of 0.5 min at 94°C, 1 min at the locus-specific annealing temperature (Table 1) , and 1 min at 72°C, and a final step for 10 min at 72°C, after which the reaction was held at 4°C. Negative controls were included in all PCR amplifications to confirm the absence of contaminants. PCR products were purified with a Gel Extraction Mini Kit (Watson BioTechnologies Inc., China), separated on 6% denaturing polyacrylamide gel, and visualized by silver staining (Lin et al., 2011) . The observed and expected heterozygosities and Hardy-Weinberg disequilibrium were calculated by GENEPOP 4.0 (Rousset, 2008) . Null allele frequencies (Brookfield, 1996) were calculated by MICRO-CHECKER 2.2.3 (Van Oosterhout et al., 2004) . All results for multiple tests were corrected using Bonferroni's correction (Rice, 1989) .
RESULTS
Twenty-four out of 44 loci were clearly amplified and shown to be polymorphic. The number of alleles per locus ranged from 3 to 9, with an average of 6.250. The observed and expected heterozygosities ranged from 0.417 to 1.000 and from 0.550 to 0.861, respectively,
